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A m a t h e m a t i c a l  model of t h e  Apol lo  MSFN t e l e m e t r y  
r e c e i v e r  u sed  t o  d e t e c t  ALSEP te lemet ry  d a t a  i s  d e f i n e d .  T h i s  
model i s  a n a l y z e d  t o  d e t e r m i n e  power marg ins  f o r  a b i t  e r r o r  
p r o b a b i l i t y  PE = 

p a r a m e t e r s  t h a t  may b e  used .  I n  p a r t i c u l a r ,  r e s u l t s  are o b t a i n e d  
which a l l o w  power marg ins  t o  be de t e rmined  f o r  t e l e m e t r y  b i t  
r a t e s  of  530, 1 0 6 0  and 1 0 , 6 0 0  bps when t h e  c a r r i e r  c h a n n e l  
p r e d e t e c t i o n  bandwidth and  t h e  two-sided t h r e s h o l d  c a r r i e r  t r a c k i n g  
l o o p  bandwidth combina t ions  are 2KHz and 1 2  Hz and 7 KHz and 50 
Hz.  The r e c e i v e r  model u sed  a c c o u n t s  f o r  a n o n - p e r f e c t  c a r r i e r  
p h a s e  r e f e r e n c e  used  i n  t h e  demodula t ion  p r o c e s s  t h a t  i s  d e r i v e d  
i n  t h e  phase  l o c k e d  l o o p  ( c a r r i e r  c h a n n e l )  i n  t h e  ground s y s t e m .  
However, i t  i s  found t h a t  a p e r f e c t  c a r r i e r  r e f e r e n c e  can  be 
assumed when t h e  r e c e 3 v e r  p r e d e t e c t i o n  bandwidth  i s  2 KHz and t h e  
p h a s e  l o c k e d  l o o p  two-sided t h r e s h o l d  bandwidth  i s  1 2  Hz. To 
d e m o n s t r a t e  t h e  method developed  i n  t h e  memorandum, t h e  per formance  
marg ins  f o r  t h e  ALSEP t e l e m e t r y  l i n k  are d e t e r m i n e d  unde r  nominal  
o p e r a t i n g  c o n d i t i o n s .  

f o r  each p o s s i b l e  combina t ion  of sys t em 
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TECHNICAL MEMORANDUM 

1 . 0  I N T R O D U C T I O N  

The p u r p o s e  o f  this memorandum i s  t o  d e s c r i b e  and  a n a l y z e  
a m a t h e m a t i c a l  model o f  the t e l e m e t r y  r e c e i v e r  a t  EsFN_ s i t e s  used  t o  
demodu la t e  da t a  from t h e  _-  Apollo Lunar  S u r f a c e  Exper iment  Package  
(ALSEP). I n  t h i s  a n a l y s i s  i t  i s  d e s i r e d  t o  compute power m a r g i n s  
t h a t  e x i s t  when t h e  p r o b a b i l i t y  o f  e r r o r  i n  d e t e c t i n g  a data  b i t  i s  
lo- ' .  
and  c i r c u i t  p a r a m e t e r s  t h a t  may e x i s t  i n  t h e  te lemet ry  c h a n n e l .  
For e a c h  c o m b i n a t i o n  of t h e s e  p a r a m e t e r s ,  power m a r g i n s  must  be  

d e t e r m i n e d  f o r  t h e  d e s i r e d  maximum e r r o r  r a t e  o f  10  . A p h a s e  
l o c k e d  l o o p  i s  u s e d  i n  t h e  r e c e i v e r  t o  o b t a i n  a c a r r i e r  r e f e r e n c e  
which  i s  u s e d  f o r  c o h e r e n t  p r o d u c t  d e t e c t i o n  o f  t h e  s p l i t - p h a s e  
PCM t e l e m e t r y  data  t r a i n .  When t h e  c a r r i e r  p h a s e  i s  assumed t o  be 
e x a c t l y  d e t e r m i n e d ,  t h e  c a l c u l a t i o n  of m a r g i n s  i s  s i m p l e .  However, 
if t h e  c a r r i e r . r e f e r e n c e  i s  n o t  p e r f e c t  t h e  margin  c a l c u l a t i o n s  a re  
much more i n v o l v e d .  I n  t h e  d o r k  d i s c u s s e d  here t h e  e f f e c t  o f  a 
n o n p e r f e c t  c a r r i e r  r e f e r e n c e  i s  i n c l u d e d .  I n  some p o s s i b l e  modes 
o f  o p e r a t i o n  t h e  e f f e c t  of t h e  c a r r i e r  r e f e r e n c e  p h a s e  e r r o r  i s  s o  
small t h a t  a p e r f e c t  r e f e r e n c e  can  be assumed.  T h e s e  s i t u a t i o n s  are  
d i s c u s s e d .  

There a r e  a v a r i e t y  of p o s s i b l e  c o m b i n a t i o n s  o f  b i t  r a t e s  

-4  

2.0 D I S  CUSS I ON 

2 . 1  L i m i t e r - P x U s e d  t o  A c q u i r e  
Ca r r i e r  R e f e r e n c e  

To a c q u i r e  t h e  c a r r i e r  r e f e r e n c e  f o r  c o h e r e n t  data  de- 
m o d u l a t i o n ,  a p h a s e  l o c k e d  loop  ( P L L )  i s  u s e d .  The PLL i s  p r e c e d e d  
by a bandpass  l i m i t e r  t h a t  removes AM from t h e  i n p u t  PM s i g n a l .  
T h e  bandpass  l i m i t e r  i s ,  i n  t u r n ,  p r e c e d e d  by a bandpass  f i l t e r  
d e n o t e d  as t h e  p r e f i l t e r  i n  F i g u r e  1. 

Both  t h e  p o s t f i l t e r ,  u sed  i n  t he  bandpass  l i m i t e r ,  and 
t h e  p r e f i l t e r  have  c e n t e r  f r e q u e n c y  wc and bandwidth  B C .  

o f  t h e  two f i l t e r s  a re  n o r m a l i z e d  to u n i t y  i n  t h e i r  p a s s  bands .  
The bandpass  l i m i t e r  i s  d e f i n e d  2.s a h a r d  l i m i t e r  f o l l o w e d  by a 
bandpass  f i l t e r .  The  hard l i m i t e r  u s e d  here i s  n o r m a l i z e d  t o  51 
l i m i t s .  

The g a i n s  
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2 . 2  L i m i t e r  C h a r a c t e r i s t i c s  

The o u t p u t - t o - i n p u t  S/N r e l a t i o n s h i p  and t h e  s i g n a l  
v o l t a g e  s u p p r e s s i o n  f a c t o r  a f o r  an i dea l  symmet r i ca l  bandpass  
l i m i t e r  are  w e l l  known (l)(*). 
( SIN) out = 4 (S/Nlin, and when (S/Nlln -f m ,  (S/N)out = 2(S/NIin. 
However, c a r e  must be  t a k e n  when a p p l y i n g  these  r e s u l t s  t o  a 
bandpass  l imi te r  i n  c a s c a d e  w i t h  a PLL. There  i s  a 3db impr(j\!e- 
ment i n  t h e  l i m i t e r  when (S/N)in i s  l a r g e .  
improvement i n  a PLL.  The improvement i n  t h e  l i m i t e r  i s  due t o  
t h e  removal  of t h e  in -phase  n o i s e  component o f  t h e  a d d i t i v e  n o i s e  
p r e s e n t  a t  t h e  l i m i t e r  i n p u t .  The 3db improvement i n  t h e  PLL i s  
a l s o  due t o  removal  of t h e  in-phase  n o i s e  component p r e s e n t  a t  
t h e  PLL i n p u t .  S i n c e  t h e  i n d i v i d u a l  improvements a re  due t o  t h e  
same s o u r c e  a 6db improvement i n  (S/N) r a t i o  can  n o t  be e x p e c t e d  
when t h e  l i m i t e r  and PLL a re  used  i n  c a s c a d e .  

When S/NIin + 0, t h e n  
% I T  

There  i s  a l s o  a 3db S/N 

For t h e  l i m i t e r  - PLL c a s c a d e  used  here the l i m i t e r  
a s y m p t o t e s  a re  assumed t o  be 

and 

The (S/N) t r a n s f e r  c h a r a c t e r i s t i c  f o r  t h e  bandpass  l i m i t e r  when 
i n  c a s c a d e  w i t h  a PLL has been approx ima ted  by t h e  p i e c e w i s e  
l i n e a r  e q u a t i o n  
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where 

T h i s  f u n c t i o n a l  r e l a t i o n s h i p  i s  shown i n  Figure 2 i n  terms o f  
( S / N  out / (S/N) in vs (S/N Iin 

The (S/N)in i n  terms o f  (S/N)out follows d i r e c t l y  f rom 

(S/Wout = F[(S/N)in]. It f o l l o w s  t h a t  i f  

f o r  < 0.035 
o u t  ( v i i n  - 

t h e n  t h i s  a p p r o x i m a t i o n  also h o l d s  i f  

and i f  

for 
o u t  

(S/N) > 0 . 3 5  i n  - 

t h e n  t h i s  a p p r o x i m a t i o n  also w i l l  h o l d  for 

(S/N)out  - > 0 . 3 5  

T h e r e f o r e ,  

(S/N)ln 

s /N)out  o u t  
The p i e c e w i s e  l i n e a r  graph f o r  ( i s  shown i n  

F i g u r e  3 .  
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The s i g n a l  a t t e n u a t i o n  of t h e  bandpass  l i m i t e r  i s  

1 S i g n a l  Component Out 
\ T o t a l  L i m i t e r  I n p u t  Power 
/ 

a =  

where (S/N) , ,  i s  d e f i n e d  i n  F i g u r e  1 as t h e  l i m i t e r  i n p u t  s i g n a l -  
t o - n o i s e  power r a t i o .  

2 . 3  Carrier S igna l - to -Noi se  Power R a t i o  I n  The 2BL Loop Bandwith 

For  t h e  c a r r i e r  modulated b y  a s p l i t  p h a s e  b i n a r y  wave- 
form,  t h e  t o t a l  power i n  t h e  I F  s i g n a l  (S)IF and t h e  power i n  t h e  
c a r r i e r  component o f  t h i s  s i g n a l ,  (S)IF, are re la ted b y  

where 8 i s  t h e  p h a s e  modu la t ion  i n d e x .  
t h e  amount o f  s i g n a l  power removed from t h e  l i m i t e r  i n p u t  b y  t h e  
p r e f i l t e r  i s  de te rmined  by t h e  b i t  r a te  H .  For  a g i v e n  b i t  r a t e  
and  bandwidth BC t h e  t o t a l  s i g n a l  power i n t o  t h e  l i m i t e r  (S)in 

i s  r e l a t ed  t o  t h e  I F  s i g n a l  power,  (S)IF,  by 

For  a g i v e n  v a l u e  of  BC 

k ( S ) I F  = (S)in where 0 - < k - < 1 

The c a r r i e r  component of t h e  I F  s i g n a l  i s  n o t  a t t e n u a t e d  by t h e  
p r e f i l t e r .  Hence 
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Then 

The s p l i t - p h a s e  modu la t ing  waveform i s  s u c h  tha t  i t s  
baseband spec t rum i s  

where H i s  t h e  b i t  r a t e .  The spec t rum i s  shown i n  F i g u r e  4 .  

The low pass c h a r a c t e r i s t i c  o f  t h e  PLL i s  shown on t h e  
same f i g u r e  as G ( f ) .  Because o f  t h e  r e l a t i v e l y  nar row bandwid th ,  
BL, o f  t h e  PLL, o n l y  t h e  c a r r i e r  component o f  t h e  s i g n a l  r e c e i v e d  
a t  t h e  PLL e f f e c t s  t h e  l o o p  o p e r a t i o n  when t h e  l o o p  i s  i n  l o c k .  
Then 

S i n c e  

' S i  i = f  is \ 
in , ' in  ; V I  o u t  i 

as d i s c u s s e d  above ,  

and 
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L o o p  c o n d i t i o n s  i n  2BL0 may be s u b s t i t u t e d  h e r e ,  s i n c e  

BL 'N' 
' :si N '  ( ' ,2BL = \%I :, ; 2 B L 0  

It i s  assumed t h a t  t h e  loop  bandwidth BL i s  g i v e n  by 

2 a  ' : 1 +  - 2  

- BLO BL - - a 3 0 i 

when t h e  e n t i r e  I F  s i g n a l  spec t rum f a l l s  j n t o  t h e  pas sband  of t h e  
PLL. Here 

,' N \ when 1 - 1  c o r r e s p o n d s  t o  (N/S) = 1. S i n c e  t h e  c a r r i e r  com- 
1s i i n  *BLO 

ponent  o f  t h e  s i g n a l  i n t o  t h e  l o o p  i s  a l l  t h a t  e f f e c t s  t h e  l o o p  
bandwidth  and s i n c e  t h i s  s i g n a l  v o l t a g e  i s  cos0 times t h e  loop 
i n p u t  s i g n a l ,  a new BL e x p r e s s i o n  i s  o b t a i n e d  from t h e  o r i g i n a l  
by  r e p l a c i n g  a with a c o s 0 .  Then for the ALSEP t e l eme t ry  re- 
c e i v e r  i n  t h e  MSFN, 
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The s i g n a l - t o - n o i s e  r a t i o  ( y )  i n  t h e  pas sband  of t h e  
PLL is 

where 

Pc = c a r r i e r  power i n t o  l o o p ,  

EL = n o i s e  e q u i v a l e n t  bandwidth  of t h e  PLL ( o n e - s i d e d )  and  

No = o n e - s i d e d  n o i s e  s p e c t r a l  d e n s i t y  a t  t h e  l o o p  i n p u t .  

pC The s i g n a l - t o - n o i s e  r a t i o  i n  t h e  2BL0 bandwidth  i s  2B . 
LO 0 

Then i n  terms of  (S/N) , y i s  g i v e n  b y  
2BL0 

J I s ’. 

2 . 4  The E f f e c t  .- of  Non-Perfect  C a r r i e r  R e f e r e n c e  on Demodula t ion  

The term y i s  used  by  W .  C .  L indsey  t o  d e t e r m i n e  t h e  
b i t  e r r o r  p r o b a b i l i t y  PE v s  (S/N) i n  t h e  b i t  r a t e  bandwid th ,  
(S/N)BRH, when a n o n - p e r f e c t  c a r r i e r  r e f e r e n c e  i s  o b t a i n e d  with- 

i n  t h e  PLL(3). For  a g i v e n  s i g n a l - t o - n o i s e  - 1  r a t i o  i n  2BL, a lower 
f n c r e a s e s  w i t h o u t  bound. Fo r  a Y - 1  l i m i t  f o r  PE i s  r e a c h e d  a s  

;, I BRB 
p e r f e c t  r e f e r e n c e ,  t h i s  i s  no t  t h e  c a s e .  If ‘y = m ,  PE d e c r e a s e s  
i n d e f i n i t e l y  w i t h  (S/N)BliB. The c o n c l u s i o n s  of ( 3 )  are summarized 
i n  F i a u r e  5 for t h e  one-way communicat ion l i n k .  B i t  e r r o r ,  PE, 
i s  g i v e n  as  a f u n c t i o n  of (S/NIBRB w i t h  s i g n a l - t o - n o i s e  i n  2BL 

l o o p  bandwid th  a s  a p a r a m e t e r .  
s t a n t  p r o b a b i l i t y  c u r v e s  has been  d e t e r m i n e d .  
of P E ,  (S/N)nRB i s  p l o t t e d  a s  a f u n c t i o n  o f  y d b  as shown i n  
F i g u r e  6 .  

1Jsj.nq F iKure  5 ,  a f a m i l y  of con-  
For  f i x e d  v a l u e s  
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2 . 5  The R e l a t i o n s h i p  of  (S/N) and (S /N)BRB 
2BL0 

Thus f a r  two r e l a t i o n s h i p s  have been d e t e r m i n e d .  (1) 
Ydb vs 
A t h i r d  r e l a t i o n s h i p  between ( S / N ) B R B ( d b )  and (S/N) 

e x i s t  i n d e p e n d e n t l y  o f  t h e  o t h e r s .  I n  t h e  c a r r i e r  c h a n n e l  t h e  
l i m i t e r  i n p u t  s i g n a l - t o - n o i s e  r a t i o  i s  

and ( 2 )  ( S / N ) B R B ( d b )  v s  ydb f o r  g i v e n  PE 
2BL0 ( d b  ) 

. **LO(db) 

where Pr i s  t h e  I F  s i f ;na l  power a t  t h e  p r e f i l t e r  and No i s  t h e  
n o i s e  d e n s i t y  ( o n e - s i d e d )  a t  t h e  I F .  From b e f o r e ,  

s i n c e  tlie s i g n a l  i n  2 B  is t h e  c a r r i e r  corriponent. The l i m i t e r  
eff?c+v on t n e  S/N r a t i o  i s  d e s c r i b e d  b y  t h e  e q u i v a l e n t  e q u a t i o n s  

LO 

where F an3 f were defined above for t h e  limiter - PLL c a s c a d e .  
Then 

L CJ 
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For  t h e  data c h a n n e l ,  t h e  S/N r a t i o  a t  limiter input i s  

But 

2 
s i n  e L~~ 

BD 
BH 

* - .  IS - I S '  - < - - I  

I"IBRB i N  I, . ou tD  

where LDE i s  t h e  decommutator l o s s  f a c t o r .  S i n c e  

i t  f o l l o d s  t h a t  

and 

Fr3m b e f o r e ,  F and f a re  S U C h  c h a t  f o r  a n y  x and y 
r e l a t ed  by  
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Then 
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T h e r e f o r e ,  (S/N) and (S/N)BRB a r e  r e l a t e d  by  
2BL0 

= F  [ S '  
:VI 
' r2BL0 

If f(x) = a.x and F ( y )  = b y  where a and b are  constants 
t h e  r e l a t i o n s h i p  r2educed to 

S i n c e  x = F ( y )  and y = f ( x ) ,  a and b must be  r e l a t e d  s u c h  that 
x = b y  and y = a x .  
i d e n t i c a l .  Then 

That  i s ,  a = l / b ,  i f  the two l imi t e r s  are 



BELLCOMM, INC. - 11 - 

I n  t h e  e q u a t i o n s  d e r i v e d  t h u s  f a r  for y vs (S/N)2B,_ 
LU 

, a p p r o x i m a t i n g  a s s u m p t i o n s  have  been  S '  and  
L U  

a v o i d e d .  The e q u a t i o n s  are d i f f i c u l t  t o  h a n d l e  when t h e  varia- 
t i o n  o f  l i m i t e r  (S/N)out v s  (S/N)in i s  i n c o r p o r a t e d .  I n  t h e  
f o r e g o i n g  a n a l y s i s  t h e  v a r i a t i o n  ( a p p r o x i m a t e l y  l d b )  i n  t h e  
l i m i t e r  (S/N) t r a n s f e r  c h a r a c t e r i s t i c  i s  n o t  c o n s i d e r e d .  It 
w i l l  be  assumed t h a t  (S/N)in = (S/N)out f o r  a l l  (S/N)in v a l u e s  

b o t h  f o r  t h e  c a r r i e r  c h a n n e l  l i m i t e r  a n d  t h e  data  c h a n n e l  l i m i t -  
e r .  It i s  c o n s i d e r e d  t h a t  t h e  e r r o r s  i n t r o d u c e d  b y  t h i s  
a p p r o x i m a t i o n  a re  small enough t o  be n e g l e c t e d .  

2 . 6  C a l c u l a t i o n  of S i g n a l  t o  Noise  R a t i o  ( y )  i n  Passband of P1,L I_ 

S/N)  2B, I, 

v s .  ( 
L 0 - ~ - ~  

For  ALSEP,plots o f  y d b  v s  ( S / N )  were made f o r  two 
**LO 

se ts  of  system p a r a m e t e r s .  They are 

e = 1 . 2 5  rad.  (11) e = 1 . 2 5  rad. ( 1 )  

CY = 0.0708 

BC = 7 KHz 
0 

a = 0 .0685  

Bc = 2 KHz 
0 

2BL0 = 1 2  Hz 2BL0 = 50 Hz 

I n  e a c h  c a s e  t h e  data  bandwidth  BD i s  assumed t o  be s u f f i c i e n t l y  
large so  as t o  p a s s  t h e  s i g n a l  u n d i s t o r t e d .  I n  e a c h  c a s e  two 
v a l u e s  of b i t  r a t e  H are c o n s i d e r e d .  These  a r e  H = 530 b p s  a n d  
H = 1.060 b p s .  When H = 1060 1.n c a s e  ( I ) ,  t h e  p r e f i l t e r  of 

Hence when I-I = 1 0 6 0  i n  ( I ) ,  k = 0 . 7 .  However, f o r  H = 530 i n  
( I )  and  €I = 530,  1060 i n  (II), k = 1. 

= 2 KHz removes 30% of t h e  IF' s i g n a l  power b e f o r e  the l i m i t e r .  BC 

I n  c a s e  ( I )  t h e  r e s u l t s  o f  c a l c u l a t i o n  are  w i t h  

k = 1 . 0  (H = 530 b p s )  - 

S 
'db 

0 

1 0  

20 

30 
40 

3.06 
9 . 8 2  

1 8 . 0 3  
27 .67  
37 .65  
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w i t h  

k = 0 . 7  ( H  = 1060 b p s )  

'db 
2BL0 ( d b  ) 

0 
10 
20 
30 
40 

3.54 
10.28 
18.18 
27.72 
37.67  

I n  c a s e  (11) t h e  r e s u l t s  of c a l c u l a t i o n  a r e  w i t h  

k = 1 f o r  H = 5 3 0 ,  1060 

0 2.92 
1 0  9 . 7 5  
20  18 .14  
30 27.84 

40  37 8 1  

F i g u r e  7 g i v e s  y v s  ( S / N )  for k = 1, 0 . 7  i n  c a s e  ( I ) .  
db 2BLo 

F i g u r e  8 g i v e s  ydb v s  ( W N )  for k = 1 i n  b o t h  c a s e s  ( I )  and 

(11). I n  bo th  c a s e s  I and I1 when k = 1 as w e l l  as c a s e  I when 
k = 0 . 7 ,  t h e  graphs are c l o s e l y  r e p r e s e n t e d  b y  t h e  linear 
e q u a t i o n  

2BL0 

f o r  v a l u e s  of y d b  between 5 db and 20  d b .  T h i s  can be  combined 

w i t h  t h e  e q u a t i o n  o f  (S/N)BRB v s  (S/N) . With t h e  approxl- 
BLO 

m a t i o n  (S/N)in = (S/N)out f o r  t h e  l i m i t e r s ,  t h e  r e s u l t i n g  equa- 
t i o n  o b t a i n e d  by  e l i m i n a t i o n  of (S/N) i s  

2BL0 
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t ( t a n  2 e ) d b  + L 
DEdb 

F o r  g i v e n  b i t  r a t e  bandwid th ,  BH, 2 R L 0 ,  8 and LDE, this l i n e a r  
e q u a t i o n  i n  db c a n  b e  p l o t t e d  directly on t h e  f a m i l y  o f  constant 
PE c u r v e s  i n  F i g u r e  6 .  Fo r  H = 530 b p s ,  e = 1 . 2 5  r a d . ,  
2BL0 = 1 2  Hz and LDE = -1 d b ,  t h e  e q u a t i o n  i s  

( d b )  

= 1 . 2 0 5  y d b  - 9 . 7 8  S \  

[")RRB(db) 

For  H = 1060 b p s ,  0 = 1 . 2 5 ,  2BL0 = 1 2  Hz and LDE = -1, 
db 

= 1.205 y d b  - 1 2 . 7 8  I -  S i  

tNjBRB(db)  

FOP H = 5 3 0  b p s ,  6 = 1.25, 2B1,0 = 50 Hz and LDE = -1, 
db 

For  H = 1060 b p s ,  e = 1 . 2 5 ,  2BL0 = 5 0  Ilz and L = -1, 
DEdb 

S t  = 1.205 y d b  - 6 . 5 8  (' \BRB (db  
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When L = -3 t h e  c o r r e s p o n d i n g  e q u a t i o n s  a re  o b t a i n e d  by sub-  
DEdb 

t r a c t i n g  -2 db from t h e  r i g h t  s i d e  o f  e a c h  of  t h e  above l i n e a r  
e q u a t i o n s .  
ydb f o r  LDE = -1 db are shown on t h e  c o n s t a n t  PE f a m i l y  o f  
F i g u r e  6 .  

The g r a p h s  of t h e  f o u r  e q u a t i o n s  o f  (S /N)BRN(db)  v s  

The e q u a t i o n s  of (S /N)BRB(db)  v s  y d b  p l o t t e d  i n  F i g u r e  

d b  and (S’N)BRB(db) 

6 a re  e q u a t i o n s  o f  r e s t r a i n t  imposed b y  t h e  sys t em,  whereas  t h e  
c o n s t a n t  PE c u r v e s  re la te  y 

v a l u e s  o f  PE. 
v a l u e s  o f  (S/N)BRB i s  f i x e d  for g i v e n  H ,  BLO, 6 and LDE. S i n c e  
P P 

i n  a one-to-one f a s h i o n ,  - N 2 i s  d i r e c t l y  r e l a t e d  t o  (S/N)BRB 

i s  a l s o  f i x e d  f o r  g i v e n  PE and g i v e n  p a r a m e t e r  v a l u e s .  
r a t i o  Pr/No i s  found from 

for s p e c i f i c  
F o r  a g i v e n  p r o b a b i l i t y  o f  b i t  e r r o r ,  PE, t h e  

li 

0 NO 
The 

2 + (BH) - ( s i n  e )  - L 
DEdb d b  db db 

u n d e r  t h e  a p p r o x i m a t i o n  of u n i t y  t r a n s f e r  for. S/N r a t i o  i n  t h e  
l imi t e r s .  

2 . 7  Communication Performance Margins  FOP The ALSEP Te leme t ry  
Link 

To d e m o n s t r a t e  t h e  u t i l i t y  of t h e  method developed  
he re ,  t h e  per formance  margins  f o r  t h e  ALSEP Te leme t ry  Link have  
been  computed assuming a 30 f o o t  PiSFN a n t e n n a  i s  u s e d .  
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2.7.1 Calculation of Received Signal Power (See Reference 4 )  

Nominal Tolerances 
Parameter Value tdb -db 

ALSEP Transmitter Power (dbm) 

ALSEP Transmitter Ckt .  Loss (db) 

ALSEP Antenna Gain ( d b )  

ALSEP Antenna Pointing Loss (db) 

Space Loss (db) 

Polarization Loss (db) 

Multipath Loss (db) 

MSFN Antenna Gain ( 3 0 '  Dish)(db) 

MSFN Antenna Pointing Loss (db) 

MSFN Receiver Ckt. Loss (db) 

MSFN Receiver Input Power f o r  
30 '  Dish (dbm),(Sum of 1 - 10) 

+ 30.0 

- 2.4 

+ 1 5 . 8  

- 3.0 

-211.6 

- 0.2 

0 

+ 44.0 
0 

Included 

1 0 

0 0.3 

0 . 5  0 . 6  

3 .0  0.7 

0.4 0.2 

0.2 0 . 3  

0 1.0 

0 0 

0 0 

in Antenna Gain 

2.7.2 Calculation of Receiver Noise Spectral Density (see 
Reference 4, page 20) 

NO For the 30'  Antenna: 

(1) Moon at zenith, 
cooled paramp (dbm/Hz) -176.1 

(2) Moon at zenith, 
uncooled paramp (dbm/Hz) -174.6 

( 3 )  Moon at horizon 
uncooled paramp (dbm/Hz) -173.1 
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The s i g n a l - t o - n o i s e  power r a t i o  i n  t h e  b i t  r a t e  band- 

r 
width  (S/N)BRB i s  r e l a t ed  t o  t h e  r e c e i v e r  i n p u t  s i g n a l  power P 

and  i n p u t  n o i s e  s p e c t r a l  d e n s i t y  No by  t h e  e q u a t i o n  

For  t h e  nominal  v a l u e s  of P = - 1 2 7 . 4  dbm and No = -174.6 dbm; r 

, -  = 4 7 . 2  db  

'No db 

2 w i t h  8 = 1 . 2 5  r a d i a n s ,  ( s i n  e ) d b  = - 0 . 4 6 .  
l o s s  o f  -1 d b ,  - LDE = t 1 d b .  

With a decommutator  
Then 

= 47.2 + ( - 0 . 4 6 )  t (-1) - (8,) = 45.74  - ( B H )  
\ u ,  !SI 
\ B R B ( d b )  d b  db 

For a data  b i t  r a te  of  1 0 6 0  b p s ,  BH = 1 0 6 0  and  ( R H ) d b  = 1 0  l.0gl0 
3 (1.06 x 10 ) = 30 + 10 l og lo  1 . 0 6  = 30.26. 

o p e r a t i n g  c o n d i t i o n s  
Then u n d e r  nomina l  

- SI = 15.48 d b  
BRB (db ) 

-4 The marg in  i n  ( S / N ) B R B ( d b )  for PE = 1 0  

t h e  two bandwidth  combina t ions  BC = 7 KHz w i t h  2BL0 = 50 Hz, 
and  Bc = 2 KHz w i t h  2BL0 = 1 2  Hz. 
t h e  i n t e r s e c t i o n  of t h e  PE = 

c u r v e  f o r  BC = 7 KHz and  2BL0 = 50 Hz o c c u r s  a t  

( S'N BRB (db ) 

w i l l  be  o b t a i n e d  for 

With r e f e r e n c e  t o  F i g u r e  6 ,  
c u r v e  w i t h  t h e  r e s t r a i n t  

-4  ' = 8 . 7  d b .  The i n t e r s e c t i o n  of t h e  PE = 1 0  c u r v e  
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and t h e  r e s t r a i n t  c u r v e  f o r  BC = 2 KHz and 2BL0 = 1 2  Hz o c c u r s  

when (S/N)BRB(db) = 8 . 4  db .  

With t h e  d a t a  r a t e  H = 1060 bps and BC = 7 KHz w i t h  

- 
2BL0 - 50 Hz t h e  margin  i n  (S/N)BRB(db) i s  8 . 7  = 6 . 7 8  db .  

W i t h  t h e  d a t a  r a t e  of II = 1060 b p s  and BC = 2 KHz w i t h  

2BL0 = 1 2  Hz, t h e  margin  i s  s l i g h t l y  g r e a t e r  a t  7 .08  d b .  

t h e  a s s u m p t i o n  o f  a pe r fec t  c a r r i e r  r e f e r e n c e  and t h o s e  o b t a i n e d  
when t h e  n o n - p e r f e c t  r e f e r e n c e  i s  t a k e n  i n t o  accoun t  i s  s l i g h t  
f o r  t h e  sys t em p a r a m e t e r s  c o n s i d e r e d .  T h i s  can  be  s e e n  from 
F i g u r e  6 .  

The d i f f e r e n c e  between t h e  marg ins  c a l c u l a t e d  unde r  

3 . 0  CONCLUSIONS 

The c o n s t a n t  p r o b a b i l i t y  o f  e r r o r  (P,) c u r v e s  p r e s e n t e d  

i n  F i g u r e  6 approach  t h e  c l a s s i c  d e f i n i t i o n  o f  b i t  e r r o r  r a t e  
when t h e r e  i s  a h i g h  s i g n a l - t o - n o i s e  r a t i o  ( y )  i n  t h e  c a r r i e r  
t r a c k i n g  p h a s e  locked  l o o p .  For  ALSEP, when nominal  sys t em 
p a r a m e t e r s  a re  assumed ( i . e . ,  modu la t ion  i n d i c e s ,  l o o p  bandwidths  
e t c . )  i t  i s  found t h a t  t h e  pe r fo rmance  o f  t h e  S y s t e m  can  be  p r e -  
d i c t e d  by c o n s i d e r i n g  t h e  c a r r i e r  phase  t o  be  e x a c t .  I f  g round 
s t a t i o n  r e c e i v e r  bandwid ths ,  s imi la r  t o  those used  w i t h  t h e  Apo l lo  
S-band sys t em,  are employed, p a r t i c u l a r l y  for. t h e  low ALSEP da ta  
r a t e  ( i . e . ,  5 3 0  BPS), i t  i s  n e c e s s a r y  t o  c o n s i d e r  t h e  i m p e r f e c t  
c a r r i e r  r e f e r e n c e ,  

Curves a r e  p r e s e n t e d  i n  F i g u r e  6 t h a t  e n a b l e  t h e  
d e t e r m i n a t i o n  of (1) t h e  r e q u i r e d  s i g n a l  power t o  n o i s e  s p e c t r a l  

I 'r! 
1 - 1  

' No I No' 
f o r  a g i v e n  b i t  e r r o r  r a t e ,  and ( 2 )  i f  - , i s  known, r a  P 

t h e  marg in  f o r  b o t h  t h e  c a r r i e r  and d a t a  c h a n n e l s .  The  marg ins  
f o r  t h e  c a r r i e r  and d a t a  c h a n n e l s  f o r  a s p e c i f i e d  b i t  e r r o r  r a t e  
and System c o n f i g u r a t i o n  are shown t o  be  r e l a t e d  ( i . e . ,  n o t  
i n d e p e n d e n t ) .  

I n  g e n e r a l ,  i t  f o l l o w s  t h a t  t h e  l a r g e r  t h e  r a t i o  o f  
t h e  b i t  r a t e  bandwidth t o  2BL0, t h e  mom? v a l i d  t h e  p e r f e c t  

r e f e r e n c e  a p p r o x i m a t i o n  becomes. 

2021-WDW-j dc 
At t achmen t s  
R e f e r e n c e s  
F i g u r e s  1 t h r u  8 
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